Background: Some studies indicate a reduced risk of serious upper gastrointestinal bleeding (UGIB) for users of beta-blockers, but the association remains to be confirmed in larger studies and characterized with respect to differences among beta-blockers. We aimed to assess whether beta-blocker use decreases the risk of UGIB. Methods: We conducted a register-based, population-based case-control study in Denmark. We identified cases with a first validated discharge diagnosis of UGIB during the period 1995-2006. Controls were selected by risk-set sampling in a ratio of 10:1. We estimated crude and adjusted odds ratios (ORs) of the association between current beta-blocker use and the risk of UGIB by using conditional logistic regression and further stratified by selective and nonselective beta-blockers, respectively. Results: We identified 3571 UGIB cases and 35,582 controls. Use of beta-blockers was not found to be associated with a decreased risk of UGIB (adjusted OR 1.10; 95% CI: 1.00-1.21). The association remained neutral after stratification by selective and non-selective betablockers, and by single beta-blocker substances. Similarly, we found no association between current beta-blocker use and the risk of UGIB within different subgroups.
Introduction
Upper gastrointestinal bleeding (UGIB) is associated with a markedly increased mortality and morbidity. 1, 2 Despite an improvement in medical care, UGIB is still a common gastrointestinal emergency with an incidence rate of 78 per 100,000 persons annually 1, 3, 4 and a case fatality of about 10 deaths per 100 patients. 5, 6 Risk of UGIB is known to be associated with use of drugs, in particular non-steroidal anti-inflammatory drugs (NSAIDs) and oral anticoagulants. 7, 8 Beta-blockers have a well-documented protective effect on variceal bleeding in cirrhotic patients, 9 and several observational studies have suggested that beta-blocker use is also protective against UGIB in general. [10] [11] [12] [13] [14] [15] However, these were generally small studies, resulting in imprecise results and further did not discriminate between selective and non-selective beta-blockers (see Supplementary Table 1 ).
It has been suggested that a gastro-protective effect of beta-blockers on UGIB might be mediated through effects on the secretion of prostaglandins and gastrin. [16] [17] [18] A decrease in the portal venous pressure may also influence the risk of UGIB, as seen in cirrhotic patients with variceal Use of beta-blockers and risk of serious upper gastrointestinal bleeding: a population-based case-control study 920 journals.sagepub.com/home/tag bleeding. [19] [20] [21] However, the exact biological mechanisms behind the suggested protective effect of beta-blockers on non-variceal UGIBs remain uncertain.
As beta-blockers are widely used in the treatment of cardiovascular disease, including hypertension, heart failure, myocardial infarction and stroke, a potential protective effect on UGIBs is important to uncover. 22 In this large population-based casecontrol study, our aim was to evaluate the suggested protective effect of beta-blockers on UGIB and elucidate possible differences between different types of beta-blockers.
Methods
This study was a register-based, population-based case-control study. We compared the use of betablockers among individuals with UGIB (cases) with the use among individuals without UGIB (controls) to estimate the odds ratio (OR) for UGIB associated with beta-blocker use.
Data sources
Data were retrieved from three sources: the Danish Central Person Register (CPR), the Funen County Patient Administrative System (FPAS) and Odense Pharmaco-epidemiological Database (OPED). All three registers contain detailed longitudinal data at an individual level. The CPR covers the entire Danish population, while FPAS and OPED cover the population of Funen County (470,000 individuals). All Danish citizens are assigned a unique civil registration number, which is used in all records and enables flawless linkage between registers. 23, 24 The CPR contains information on date of birth, sex, current and historic residency, migrations to and from Denmark and date of death. 24 The data were used to extract controls and to ensure that cases and controls had permanent residence on Funen for at least 365 days prior to their index date.
FPAS holds information on hospital contact among Funen County residents, including discharge diagnoses since 1973. Diagnoses have been encoded by the International Classification of Diseases 10th edition (ICD-10) since 1994.
OPED has information on all reimbursed drug dispensation from Funen County since 1990.
Each prescription record includes, among other information, the substance, the date of dispensation, the formulation of the drug and quantity dispensed for each prescription given by number, strength and defined daily dose (DDD). 25, 26 Dosing instructions and indications are not recorded. All drugs are registered according to the Anatomical Therapeutical Chemical (ATC) index. 27 All beta-blockers (ATC: C07) require a prescription.
The dataset has been used and described in detail in a previous study concerning the association between SSRI use and UGIB. 28 
Cases and controls
Our source population was the residents of Funen County during a study period of 1 August 1995 to 31 July 2006. This population has been shown to be representative of the population in Denmark in general. 29 We included as cases all individuals who fulfilled the following three criteria: (1) admission to a hospital in Funen County within the study period, with peptic ulcer or gastritis as the main diagnosis; (2) mention of melena, a subnormal hemoglobin, or the need for transfusion in the discharge summary or medical record; and (3) a potential bleed source in the stomach or duodenum verified by endoscopy or surgery. Bleedings caused by gastric varices were excluded.
All discharge summaries (n = 12,607) with a main diagnosis of peptic ulcer (complicated or not) or gastritis in the study period were manually reviewed in order to include cases coded under less specific diagnoses not indicating bleeding.
During the review, the study group was blinded to the exposure status of potential cases. Each case was assigned an index date defined as the first registered date of a UGIB diagnosis.
Controls were selected by risk-set sampling strategy -that is, for each case we randomly selected 10 controls among the individuals in our source population who matched the case by sex and birth year. Controls were assigned an index date identical to the index date of the corresponding case. We allowed that cases could be selected as controls before they had their case-defining event.
Thereby, the calculated OR is an unbiased estimate of the incidence rate ratio that would have emerged from a cohort study, based on the same source population. 30 journals.sagepub.com/home/tag 921
We required that both cases and controls had been residents of Funen County for at least one year on the index date. We excluded cases and controls with a diagnosis of liver disease before their index date. Patients with liver cirrhosis use unselective beta-blockers as prophylaxis against variceal bleeding and have a strongly elevated risk of peptic ulcer bleeding, 31 thereby constituting a potential confounder. As this exclusion was performed after the matching and as some of the very old cases had fewer than 10 eligible controls, the final control:case ratio deviated slightly from 10:1.
Exposure
Subjects who had their latest beta-blocker prescription within the past 120 days before or at the index date were categorized as current users. In Denmark, chronic medication is usually dispensed in supplies of 100 days. We added a grace period of 20% to account for minor nonadherence or irregular prescription filling due to stockpiling, thus arriving at a window of 120 days. This assumption was validated by an analysis of the waiting-time distribution. 32 Individuals whose latest beta-blocker prescription was redeemed between 240 and 120 days before the index date were categorized as recent users; individuals whose last beta-blocker prescription was redeemed more than 240 days before the index date were categorized as past users. The reference for all analyses was neverusers of beta-blockers.
In supplementary analyses, beta-blockers were subdivided into non-selective (alprenolol, oxprenolol, pindolol, propranolol, timolol, sotalol, tertatolol) and selective (metoprolol, atenolol, acebutolol, betaxolol, bisoprolol). The two combined alphaand beta-blockers (carvedilol and labetalol) were both classified as non-selective based on the profile of their beta-blocker action. 33, 34 The daily dose of beta-blockers for a treatment episode was calculated by dividing the cumulative number of DDDs dispensed for all prescriptions (except the last) within the episode by the number of days between the first and the last prescription. We considered a chain of successive beta-blocker prescriptions to belong to the same treatment episode if the interval between them never exceeded 120 days (i.e. consistent with our exposure definition). For episodes consisting of only one beta-blocker prescription, the daily dose could not be calculated. The categorization of daily doses (0-0.49, 0.50-0.99 and ⩾1.00 DDD/ day) was based on explorative analyses of prescription renewals.
Data analysis
By using conditional logistic regression, we estimated the crude and adjusted ORs with 95% confidence intervals (CIs (3) prescription or diagnosis markers of smoking or excessive alcohol consumption. For all drugs, current drug use was defined by the filling of a prescription within fewer than 120 days before the index date.
For information on codes used to define the covariates, see Appendix.
Supplementary analyses
In order to appraise the influence of confounding by unmeasured lifestyle covariates, we performed a number of supplementary analyses. We estimated the association between use of beta-blockers (all types) and UGIB within subgroups defined by: (1) any ulcer antecedent (i.e. no history of peptic ulcer or use of anti-ulcer drugs); (2) any use of NSAIDs; (3) any use of antiplatelet drugs; (4) a history of gastrointestinal cancer; (5) any markers of alcohol abuse; and (6) different categories of Charlson score (0, 1-2 and 3 or more). 35 We performed the subgroup analysis stratified on beta-blocker class -that is, nonselective and selective beta-blockers. Finally, we performed an analysis nested within ever-users of antihypertensives other than beta-blockers (i.e. inhibitors of the renin-angiotensin system, thiazides and related drugs or calcium channel blockers). The rationale was that if the apparent effect of beta-blockers was explained by unmeasured confounders related to the presence of hypertension, this particular analysis would show no association.
All main analyses were carried out independently in duplicate and found to reproduce results accurately.
Others
All analyses were performed using STATA 14.2 (StataCorp, College Station, TX, USA). This study was approved by the Danish Data Protection Agency. According to Danish legislation, neither approval from the ethics committee nor informed consent from the study populations is required for registry-linkage studies. 23
Results
We identified 3571 UGIB cases and 35,582 controls. Their median age was 75 (interquartile range: 64-83) and 50.7% were male. All included comorbidities and currently used drugs were more common among UGIB cases than controls, as was the use of ulcerogenic medications ( Table  1) . As an example, 34.2% of cases were classified as current users of NSAIDs compared with 11.3% of controls.
Both ever and current use of beta-blockers were more prevalent among cases than controls (26.9% versus 18.1% and 13.6% versus 9.1%, respectively). The crude OR for the association between ever-use of beta-blockers and UGIB was 1.70 (95% CI: 1.57-1.85). After adjustment for confounding, use of beta-blockers was not found to be associated with risk of UGIB (adjusted OR 1.10; 95% CI: 1.00-1.21), emphasizing that the increased risk suggested in the crude analysis can be explained by the higher level of comorbidity and polypharmacy among cases. The association remained neutral after stratification by recency, daily dosage, selective and non-selective beta-blockers and the most commonly used single beta-blocker substances ( Table 2) .
The association between current beta-blocker use and UGIB within subgroups is illustrated in Table 3 . Stratifying by age and sex revealed no association. Restricting to non-users of PPI, NSAIDs and antiplatelets, and by the absence of gastrointestinal cancers, ulcer antecedents and alcohol abuse likewise showed no association (Table 3) . Similarly, we found no association among ever-users of antihypertensives other than beta-blockers. Finally, we demonstrated no association within subgroups with different severities of comorbidity assessed by the Charlson score (Table 3) .
For all confounders adjusted for in the analyses, we performed a post-hoc analysis to evaluate the contribution from each of them. Ischemic heart disease was identified as having the largest contribution, as the beta-blocker-UGIB estimate adjusted for this variable alone came closest to the fully adjusted value (Supplementary Table 2 ).
Discussion
In this population-based case-control study, we found no decreased risk of UGIB associated with beta-blocker use, neither overall nor within specific classes or types of beta-blockers. This finding was consistent after stratification by recency and dosage, as well as within subgroups of patients with an increased risk of UGIB.
The association between beta-blocker use and the risk of gastrointestinal bleeding has previously been assessed in six observational studies (Supplementary Table 1 ). [10] [11] [12] [13] 15, 36 In a case-control study nested among new users of antihypertensive agents, Suissa and colleagues found that use of beta-blockers decreased the risk of gastrointestinal bleeding (adjusted rate ratio (RR) 0.66 (95% CI: 0.44-0.98). 12 Though not statistically significant, the ORs from a case-control study by Lanas and colleagues 36 supported this finding. Similarly, two cohort studies suggested a protective effect of beta-blockers compared with ACE inhibitors or calcium antagonists. 11, 15 A recent study by Nagata and colleagues 10 could not support an association, but the number of exposed cases was very low and confidence intervals wide. Lastly, García Rodriguez and colleagues 13 investigated the association between multiple exposures, including beta-blocker use and verified UGIB. They found an increased risk of UGIB with use of journals.sagepub.com/home/tag 923 antihypertensive agents (RR: 1.7; 95% CI: 1.4-2.1); however, users of beta-blockers alone were found to have no increased risk of UGIB (RR: 1.0; 95% CI: 0.7-1.4) (see Appendix). All of these studies were small, including only 4-65 cases exposed to beta-blockers, and did not attempt to differentiate between selective and non-selective beta-blockers. In comparison, we included 484 exposed cases, more than twice the cumulative number from prior studies.
Our study has several important strengths. First and foremost, a manual validation of all cases was performed, thereby minimizing the risk of outcome misclassification. Even admissions that did not specify UGIB were reviewed in order to capture cases that were imprecisely coded. Due to the high quality of our case data, we were able to reproduce all the well-established risk factors for UGIB as demonstrated in Table 1 . Second, our approach was truly population based as Danish health care offers full tax-funded coverage to all citizens and we had access to data on their medical history since 1994 and their drug use since 1990. It is unlikely that patients would suffer severe UGIB without this being captured in our data.
Information bias or confounding by variables not included in this study cannot be fully excluded. First, we did not have data on lifestyle factors that could potentially be confounders. Instead, we However, smoking is not a strong risk factor for peptic ulcer bleeding. 37, 38 Excessive drinking is a risk factor for peptic ulcer bleeding. 39 There is no clinical reason to prefer beta-blockers in patients with high alcohol consumption, if they have not developed liver disease. However, if patients with high alcohol consumption use beta-blockers more often than others, this would elevate the OR and might conceal a true protective effect. To this end, we did exclude patients with liver disease as they represent a special subgroup with confounding factors that may be difficult to account for in registry data. Second, we did not have data on use of ulcerogenic over-the-counter (OTC) drugs, such as high-dose aspirin. The prescription coverage of low-dose aspirin and NSAIDs was in the order of 85% and 70% during our study period, 40 but there is no reason to suspect more OTC drug exposure among users of beta-blockers than among others. Though of very high quality, our data are somewhat old. However, this allowed us to analyze the difference between selective and non-selective beta-blockers. The use of non-selective betablockers has decreased substantially in recent years, 40 and more recent data would thus contribute little to elucidating the possible effect modification by receptor selectivity. In addition, antithrombotic use has become increasingly complex and aggressive over recent years, 41 thereby leaving more room for confounding.
In conclusion, there was no association between beta-blocker use and serious UGIB in this large population-based study.
